Chapter 2

ENVIRONMENTAL
RADIOLOGICAL
PROTECTION
PROGRAMIAND
DOSEASSESSMENT

Radiation in the Environment

Sour cesof Radiation

Members of the public are routinely exposed to
ionizing radiation from both natura and man-made
sources. (Seetheinset onthe next pagefor adis-
cussion of ionizing radiation.) An individud living
intheUnited States (U.S.) isestimated to receive
an average annua effective dose equivalent of
about 360 millirem (mrem) (3.6 milliseverts[mSv])
(National Council on Radiation Protection and
M easurements Report 93, 1987).

While most of the radiation dose received by the
publicisfrom natural background sources, man-
made sources of radiation aso contribute. Man-
made sources include diagnostic and thergpeutic
x-rays, nuclear medicine, fallout from nuclear
weapons tests, effluents from nuclear facilities,
and consumer products such as smoke detectors
and cigarettes(Fig. 2-1).

Routineactivities at the West Valley Demonstra-
tion Project (WV DP or Project) have the poten-
tia torelease radioactive or hazardous substances
that could affect the environment.
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Exposur e Pathways

Theradionuclides at the WV DP areresiduesfrom
thereprocessing of commercial nuclear fuel dur-
ing the 1960s and early 1970s by a previous site
operator. A very small fraction of these radionu-
clidesisreleased off site each year through verti-
lation systems and liquid discharges. WVDP
rel eases contribute anegligible amount of radia-
tiondosetothe surrounding population through sev-
eral exposure pathways.

An exposure pathway consists of aroute for con-
tamination or radiation to be transported by envi-
ronmental mediafromasourceto areceptor where
exposure may occur. For example, a member of
the public could be exposed to low concentrations
of radioactive particles carried by prevailing winds.

The potential pathways of exposure from Project
emissionsareinhaation of gases and particulates,
ingestion of locally-grownfood productsand game,
and exposure to external penetrating radiation
emitted from contaminated materials. Table 2-1
summarizesthe potentia exposure pathwaysfor
thelocal off-site population and describesthera
tionale for including or excluding each pathway
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

lonizng Radiation

Radiation can be damaging if, in colliding with matter, the alpha or beta particles or gamma rays
knock electrons loose from the absorber atoms. This process is called ionization, and the radiation
that produces it is referred to as ionizing radiation. lonization changes an dectrically neutral atom,
in which the positively charged protons and the negatively charged electrons balance each other,
into a charged atom called an ion. An ion can be either postivey or negatively charged. The degree
of damage depends upon the type of ionizing radiation.

Potential Effects of Radiation

Biological effects of radiation can be either somatic or genetic. Somatic effects of radiation expo-
sure are limited to the exposed individual. For example, sufficiently high exposure to radiation can
cause clouding of the lens of the eye or a decrease in the number of white blood cdls.

Radiation can also cause chromosomes to break or rearrange themselves or to join incorrectly with
other chromosomes. These changes may produce genetic effects and may show up in future genera-
tions. Radiation-produced genetic defects and mutations in the offspring of an exposed parent,
while not positively identified in humans, have been observed in some animal studies.

The effect of radiation depends on the amount absorbed within a given exposure time. The only
observable effect of an instantaneous whole-body dose of 50 rem (0.5 Sv) might be a temporary
reduction in white blood cell count. An instantaneous dose of 100-200 rem (12 Sv) might cause
additional temporary effects, such as vomiting, but usually would have no long-lasting side effects.
Assessng biological damage from low-level radiation is difficult because other factors can cause
the same symptoms as radiation exposure. Moreover, the body is able to repair damage caused by
low-level radiation. There have been no documented effects from exposures of less than 10 rem.

The effect most often associated with exposure to relatively high levels of radiation appears to be an
increased risk of cancer. However, scientists have not been able to demondrate with certainty that
exposure to low-level radiation causes an increase in injurious biological effects, nor have they
been able to determine if there is a level of radiation exposure below which there are no adverse
biological effects.

Health Effects of Low-Leval Radiation

Radionuclides entering the body through air, water, or food are distributed in different organs of the
body. For example, isotopes of iodine concentrate in the thyroid. Srontium, plutonium, and americium
isotopes concentrate in the skeleton. When inhaled, particulate uranium and plutonium isotopes may
remain in the lungs for a long period of time. Some radionuclides such as tritium, carbon-14, or
cesum-137 are distributed uniformly throughout the body. Thus, depending on the radionuclide, some
organs may receive quite different doses Moreover, at the same dose levels, certain organs (such as the
breast) are more prone to developing a fatal cancer than other organs (such as the thyroid).

Because of the uncertainty and difficulty in measuring the incidence of increased cancer resulting
from exposure to ionizing radiation, to be conservative, a linear modd is used to predict health risks
from low levels of radiation. This model assumes that there is a risk associated with all dose levels
even though the body may effectively repair damage incurred from low levels of alpha, beta, and
gamma radiations.
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Dose to the Public

when calculating dose from the WV DP. For in-
stance, drinking water is not considered a path-
way for exposure from the WVDP because
surveys determined that local residentsdo not use
Cattaraugus Creek asa source of drinking water.

Land Use Survey

Periodic surveysof local residents provideinfor-
mation about loca family sizes, sources of food,
and gardening practices. Inearly 2003, censusin-
formation was updated from calendar year (CY)
2000. Information from the most recent land use
survey, conducted in early 2002, was used to con-
firm the locations of the nearest residences. This
information isrequired when using computer mod-
elsfor the annual dose assessments. (Seethedis-
cussion of “DoseAssessment M ethodology” later
inthischapter for moreinformation on calculation
of doseto the public.)

Doseto the Public

Eachyear the potentid radiologica dosetothepublic
that isattributable to operations and effluentsfrom
the WV DPisassessed to verify that noindividual
could have received a dose exceeding the limits
established by theregulatory agencies.

Estimated doses are compared directly with cur-
rent radiation standards established by the U.S.
Department of Energy (DOE) and the U.S. Envi-
ronmental Protection Agency (EPA) for protec-
tion of the public. Thesevaues areaso compared
with the annual dose an average U.S. resident
receives from natural background radiation and
to dosesreported in previous yearsfor the Project.
Figure 2-1 showsthe relative contribution to the
annua dosein mrem from natural and man-made
sourcesincomparisonwiththeestimated CY 2005
maximum individual dose fromthe WV DP. (Units
of dose measurement are explained in detail later
inthis chapter.)
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Figure 2-1. Comparison of Doses From Natural and Man-Made Sourcesto the Dose From 2005 WVDP Effluents
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

As can be seen in Figure 2-1, natural sources of
radiation contribute 295 mrem (2.95 mSv) and
man-made sources contribute 65 mrem (0.65 mSv)
of thetota annual U.S. average dose of 360 mrem
(3.60mSv). In2005, the WV DP contributed avery
small amount (0.047 mrem [0.00047 mSv]) of the
total annua man-made radiation dose to the maxi-
mally exposed off-giteindividua residing near the
WV DP. Thisis much less than the average dose
received from using consumer productsandisin-
significant compared to the federal standard of
100 mrem allowed from any DOE site operation
inacaendar year and the 295 mrem (2.95 mSv)
received annually from natural sources.

The results of these conservative dose calcula
tions demonstrate that the potential maximum dose
to an off-site resident is well below permissible
standards and is consistent with the as-low-as-
reasonably-achievable philosophy of radiation pro-
tection.

The following sections describe the monitoring
program used to measure radiationintheenviron-
ment near the WV DP and the methods used and
the results of dose assessments using these mea-
surements.

Table 2-1
Potential Local Off-Site Exposure Pathways Under Existing WVDP Conditions

Exposure Pathway and Transporting Medium

Inhalation: gases and particulatesin air

(included)

Ingestion: cultivated crops
(included)

Ingestion: surface and groundwater
(excluded)

Ingestion: meat, milk, and vegetables
(included)

External exposure: radiation from particul ates
and gases directly from air or surface water or
indirectly from surface deposition (included)

Reason for Inclusion/Exclusion

Off-gtetransport of contaminantsfromWVDP
stacks or resuspended particulates from soils
or water

Local agricultural productsirrigated with
potentially contaminated surface or
groundwater; foliar deposition and uptake of
deposited airborne contaminants

No documented use of local surface water or
downgradient groundwater wells as drinking
water by local residents

Fish exposed to contaminants in water or
sediments may be consumed; vegetables,
venison,and milk may be consumed following
deposition of transported airborne and surface
water contaminants

Transport of air particulates and gases to off-
site receptors; transport of contaminants in
surface water and direct exposure during
stream use and swimming
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RoutineM onitoring Program

Radiological Sampling
Program Overview

In 2002, the WV DP completed the vitrification
of high-level waste. The focus of site activities
has since shifted to decontaminating and disman-
tling facilities and packaging and shipping waste.
Consequently, the types and quantities of emis-
sions and effluents that could be released to the
environment have changed. In 2005, the WV DP
environmental monitoring program was compre-
hensively re-evaluated and revised. New sampling
pointsand matriceswere added, and samplingwas
reduced or discontinued at many other locations.
(See Appendix B®for acomplete listing of spe-
cific changes to themonitoring program in 2005.)

Overall, thegoa of theenvironmental monitoring
program, to ensure that public health and safety
and the environment continueto be protected with
respect to potential releases from current siteac-
tivities, hasremained the same.

Aspart of theenvironmental monitoring program,
samples from environmental mediaare collected
each year and measured for radioactivity. Envi-
ronmental sampling locations are shown on maps
in Appendix A and the complete environmental
monitoring scheduleis summarized in Appendix
B™. Thisschedule providesinformation on moni-
toring and reporting requirements and the types
and extent of sampling and monitoring at eachlo-
cation. An explanation of the codes that identify
the sample medium and the specific sampling or
monitoring location is also foundinAppendix B®
For example, alocation code suchasAFGRVAL
indicatesanair sample (A), collected off-site (F),
at the Great Valey (GRVAL) sampling station.
The codesare used throughout this report for ease
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of reference and to be consistent with the data
reported in the appendices.

The food pathway is monitored by collecting
samples of milk and produce at near-site and re-
mote locations, samples of fish upstream and
downstream of the site, and samples of venison
from deer collected near thesiteand at background
locations. Stream sedimentsare sampled upstream
and downstream of the WV DP, and both on-site
groundwater and off-sitedrinking water are rou-
tinely sampled. Direct radiation is monitored on
site, at the perimeter of the site, in communities
near the site, and at a background location.

The primary focus of themonitoring program, how-
ever, is on surface water and air pathways, as
these are the principal means of transport of ra-
dionuclides from the WV DP.

Liquid and air effluents are monitored on site by
collecting samples at locations whereradioactiv-
ity isreleased or might be released. Release points
include water effluent outfalls and plant ventila-
tion stacks.

Surface water samples are collected within the
Project area from ponds, swamps, seeps, and
drainage channelsthat flow through the Western
New York Nuclear Service Center (WNY NSC)
and then off site into Cattaraugus Creek.

Both surfacewater and air samples are collected
at perimeter locations where the highest off-site
concentrations of transported radionuclidesmight
be expected. Samplesarealso collected a remote
locationsto provide background concentration data
for comparison with data from on-site and near-
Stesamples. Table2-2 summarizes Setitica com-
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

parisons of results from monitoring locationswith
results from background locations. Asinthe past,
dthoughresults from many on-siteor downstream
monitoring points exceeded background concen-
trations, few resultsfrom near-sitelocations did.

Overview of Water Effluent
and Ambient Surface Water
Monitoring

The Project is drained by several small streams.
Frank’s Creek flows along, and receives drainage
from, the south plateau. As Frank’s Creek flows
northward, it isjoined by atributary, Erdman Brook,
which receives effluent from the low-level waste
treatment facility (LLWTF). Onthenorth plateau,
beyond the Project fence line, the north and north-
east swamp areas and Quarry Creek drain into
Frank’sCreek. Frank’s Creek continues acrossthe
WNY NSC and flowsinto Buttermilk Creek, which
leaves the WNYNSC and enters Cattaraugus
Creek (Figs.A-2andA-5).

Threelocations (the LLWTF and thetwo natural
drainages from the northeast and north swamps)
arethe primary discharge sourcesthat contribute
to dose via the liquid pathway. See “Predicted
Dose From Waterborne Releases” later in this
chapter for an estimate of the dose attributableto
these sources.

Low-Level Waste Treatment Facility Efflu-
ent. The discharge from the LLWTF through the
lagoon 3 weir at outfall 001 (WNSPO001 on Fig.
A-2) into Erdman Brook isthe primary controlled
point source of radioactivity released to surface
waters from the Project. Seven batch releasesto-
taling about 13.6 million galons (gd) (51.4 million
liters [L]) were discharged from WNSPOO1 in
2005.

The total amounts of radioactivity from specific
radionuclidesinthelagoon 3 effluent arelisted in
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Appendix C-2*! Theannual average concentration
of eechradionuclideisdivided by itscorresponding
DOE derived concentration guide (DCG) to
determine what percentage of the DCG was
released. (DCGsarediscussed in Chapter 1. DOE
DCGsfor radionuclides of interest at the WV DP
arelisted in Appendix K®) AsaDOE policy, the
sum of the percentages calculated for all
radionuclides released should not exceed 100%.
The combined annual average of radionuclide
concentrations from lagoon 3 effluent in2005was
approximately 28.1% of the DCGs.

The LLWTF was designed to efficiently remove
strontium-90 and cesium-137, the more prevaent
of thelong-lived fission productsin WV DP waste-
waters. Other radionuclides, such asuraniumiso-
topes, areadso removed to alesser extent. Uranium
isotopesarefoundin WV DP liquid waste because
they were present in the nuclear fuel that was
oncereprocessed at thesite. Uranium-232, amgjor
contributor to the combined DCG inlagoon 3 &f-
fluent, averaged about 6% of its DCG in 2005.
Variaionsinliquid effluent radionuclideratios con-
tinue to reflect the dynamic nature of the waste
streams being processed throughthe LLWTF.

Outfall WNSPOO1 and other sdected discharge
pointsare aso monitored for nonradiologica param-
etersunder the New York State Pollutant Discharge
Elimination System program. See Chepter 3, “Envi-
ronmenta Nonradiologica Program Information.”

Northeast Swamp and North Swamp Drain-
age. Thesetwo drainages conduct surfacewater
and emergent groundwater off site. The north-
east swvamp (WNSWAMP) is sampled to monitor
surface water drainage from the northeastern por-
tion of the site’s north plateau. The north swamp
(WNSWT74A) is sampled to monitor drainageto
Quarry Creek from the northern portion of the
plateau (Fig.A-2).
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Overview of Water Effluent and Ambient Surface Water Monitoring

Table 2-2
2005 Comparison of Radiological Results With Backgrounds and DOE DCGs

Number of | Locationswith Number with Locationswith Results Satigtically

Sample Type Sampling | RexultsGreater | Reaults Greater Greater than Background
Locations | than DOE DCGs | than Backgr ound (Congtituent)
Air (1 background location; units of pCi/mL)
On-dtear emisson points 7 0 4 ANSTACK (tritium, strontium-90,

iodine-129, cesum:137, plutonium-238,
plutonium-239/240, americium-241);
ANSTSTK (iodine-129); ANCSRFK
(uranium-233/234, uranium-233);
ANCSPFK (iodine-129)

On-gtearbient ar points 3 0 1 ANSDAT (tritium)
Off-dte arbient ar points 8 0 0 None
Surface water (2 background locations; units of pCi/ml)
On-ste controlled effluents 2 0 2 WNSP0O01 (grossapha, gross beta,

tritium, stronti um-90, technetium-99,
cesum137, uranium-232, uranium:
233/234, uranium-235/236, uraniunt
238); WNSP0O7 (gross beta, Srontium:

€0)
On-dte surface weters 11 WNSWAMP 8 WNSP0O06 (gross beta, strontium-90,
(strontium-90) uranium-232, uranium-233/234, uranium-

238); WNSP005 (gross beta, srontium:
90); WNSWAMP (gross beta, tritium,
srontium-90); WNSW74A (gross beta,
grontium-90); WNNDADR (grossapha,
gross beta, tritium, strontium-90);
WNNDATR (gross beta, tritium,
grontium-90); WNSDADR (gross apha,
tritium); WNERBS3 (gross beta,

srontium-90)
Off-dte surface weters 2 0 2 WFBCTCB (grossbeta, strontiun-90);
WFFEL BR (gross beta)
Drinking weter (2 background locetions; unitsof pGi/mL)
On-gte drinking weter 3 NA 0 None
Off-dtedrinking weter 9 NA NS Not sampled in 2005; next samplingin
2006
Sail (1 background | ocation; units of pCi/g [dry])
Off-dte soils 5 NA NS Not sampled in 2005; next samplingin
2007

Note: Results fromair emission points, liquid effluent points, downstream water sampling points, and on-site
sampling points for all matrices may be expected to be greater than background.

NA - DOE DCGsare not applicable for these matrices

NS - Not sampled in CY 2005
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

Table 2-2 (concluded)
2005 Comparison of Radiological Results With Backgrounds and DOE DCGs

Number of | Locationswith Number with Locationswith Results Satistically

Sample Type Sampling | RexultsGreater | RexultsGreater Greater than Background
Locations | than DOE DCGs | than Background (Condtituent)
Sadiments (2 background locations; units of pCi/g [dry])

Onrsite sediments/soil's 3 NA 3 SNSPO06 (gross beta, strontium-90,
cesium-137); SNSWAMP (gross dpha,
oross beta, grontium+90, ces um-137,
uranium-235/236, plutoni um-238,
plutonium-239/240, americium-241);
INSWT74A (gross beta, cesum-137,
uranium-235/236)

Off-dgte sediments 3 NA 2 SFTCSED (cesum-137); SFCCSED
(cesum-137)

Biologicas (3 background deer; 1 background per matrix for remainder; units of uCi/g [dry] or uG/mL [free moisture])

Fish 2 NA 1 BFFCATC (gtrontium-90)

Milk 4 NA 0 None

Dex 3 NA 0 Nore

V egetables/fruits 3 NA 1 BFVNEAB (gtrontium-90)

Environmental dosimetry (1 background; units of mR/quarter)

Ontsite, near fadilities 20 NA 12 DNTLDs# 18, 24, 32, 33, 34, 35, 36,
38, 39, 40, 42, 43

Perimeter 17 NA 0 Nore

Comnunities 2 NA 0 Nore

Note: Results fromair emission points, liquid effluent points, downstream water sampling points, and on-site
sampling points for all matrices may be expected to be greater than background.
NA - DOE DCGsare not applicable for these matrices

Data summaries from these two locations are
found in Appendix C-4". Elevated gross betacon-

Creek, concentrations in waters collected from
Cattaraugus Creek downstream at thefirst point

centrations at WNSWAMP, first noted in 1993,
continued to be observed through 2005. Grass beta
activity at this location is largely attributable to
strontium-90. When results from effluent moni-
toring points were compared with DOE DCGs,
WNSWAMP was the only point a which the
DCGs had been exceeded. (See Chapter 4 for a
graph of annuaized average strontium-90 concen-
trationsat WNSWAMPin2005.)

Even though waters with eevated strontium-90
concentrations drain from WNSWAMP into
Frank’s Creek and ultimately into Cattaraugus
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of access by thegenera public (WFFELBR) were
not significantly higher thanthose at background
location WFBIGBR.

Other North Plateau SurfaceWatersand Wa-
ter Effluent. Discharges from WNSPOO1 and
WNSPOO07 (the sewage treatment outfall) leave
the sitethrough point WNSPOO06. Radiological re-
sults of analysesfrom WNSP006 and WN SP007
aresummarized in Appendices C-5and C-2%,
respectively.
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Overview of Water Effluent and Ambient Surface Water Monitoring

Many of the constituents detected in effluent from
WNSPOO01 were not detectable a short distance
downstream at location WNSP006. WNSP0O06 is
located more than 2.5 miles (mi) (4.0 kilometers
[km]) upstream from Thomas Corners Road, the
last monitoring point before Buttermilk Creek
leaves the WNY NSC and before the public has
access to the creek waters.

Sampling point WNSP005 monitorsoverland drain-
age and groundwater seepage on the east side of
the main plant and WNCOOLW monitors coolant
water from a contained basin within the facility.
Summariesof radiologica datafor WNSP0O05 and
WNCOOLW arefound inAppendix C-4*

All results from these locations were far below
DOEDCGsInCY 2005.

South Plateau Surface Water and Nuclear
Regulatory Commission (NRC)-Licensed
Disposal Area (NDA) Interceptor Trench.
Twoinactive underground radioactive waste dis-
posal areas, the NDA and the New York State-
Licensed Disposa Area (SDA), lie on the south
plateau of the site. The SDA is managed by the
New York State Energy Research and Develop-
ment Authority (NY SERDA) and the NDA is
managed by DOE. Also located onthe south pla-
teau is the drum cdll, an aboveground structure
used a the WV DPto store gpproximately 20,000
drums of processed low-level radioactive waste.
Surfacewaters, which flow from the southto the
north, are routinely monitored at severa points
around these areas (Fig. A-2). In additionto rou-
tine samples collected by the WV DP, samplesare
collected and analyzed by the New York State
Department of Health (NY SDOH) at the two
stream sampling pointstheat receive drainagefrom
the south plateau, WNFRC67 and WNERBS53.

NRC-Licensed Disposal Area. Sampling point
WNNDATR isasump at the lowest point inthe
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collection trench system that intercepts ground-
water from the northeastern and northwestern
sides of the NDA. Water collected underground
at thislocationis pumped tothe LLWTF for treat-
ment prior to discharge at outfall WNSPOO1. (See
Chapter 1 and Chapter 4 for additional detail on
the NDA Interceptor Trench and Pretreatment
System.) If contaminationwereto migratethrough
theNDA, it would most likely befirst detected in
samplesfromnWNNDATR.

Surface water drainage downstream of the NDA
is monitored at WNNDADR. Further down-
stream, water from sampling point WNERB53in
Erdman Brook, which represents surface waters
fromtheNDA before they joinwith drainagefrom
themain plant and lagoon areas, isal somonitored.
Some drainage from western and northwestern
portionsof the SDA a so passes through sampling
pointsWNNDADR and WNERBS53. (SeeAppern-
dicesC-4"and C-5", respectively.)

Annual concentrationsfromWNNDATR arelisted
inAppendix C-4® and quarterly results arelisted
under “NDATR” inAppendix E™

Although strontium-90 and associated gross beta
resultsat all threelocationswere dlevated withre-
spect to background (WFBCBKG), dl were far
beow thestrontium-90 DCG. Residud soil contami-
nationfrom past waste burid activitiesisthought to
bethe source of thestrontium-90 activity. The NDA
is thought to be the predominant source of gross
betaactivity observed at WNNDATR.

Tritium concentrations have generally decreased
over timeat both WNNDATR and WNNDADR.
Sincethehaf-lifeof tritiumisdightly longer than
12 years, decreasing tritium concentrations may
be partially attributable to radioactive decay.

New York Sate-Licensed Disposal Area. Point
WNSDADR issampled to monitor drainagefrom
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

trench covers on the southwestern area of the
SDA. Immediately south of the SDA, and up-
stream of WNSDADR, point WNDCELD is
sampled tomonitor surfacedrainagefromthearea
around thedrum cell (Fig. A-2). Tothenorth, sam-
pling point WNFRC67, in Frank’s Creek, is
sampled to monitor drainage downstream of the
drum cell and the eastern and southern borders of
the SDA. Summariesof resultsfromWNSDADR,
WNDCELD, and WNFRC67 are found in Ap-
pendices C-4®and C-5™

Off-Site SurfaceWater. Surface water samples
arecollected at four off-sitelocations, two on But-
termilk Creek and two on Cattaraugus Creek. Off-
site sampling locations are shown on Fig. A-5.
Resultsare presented in A ppendix C-5

Fox Valley Road and Thomas Corners Bridge
Sampling Locations. Buttermilk Creek isthema:
jor surface drainage from the WNYNSC. One
monitoring station is located upstream of the
WVDP at Fox Valley Road (WFBCBKG) and

one is located downstream at Thomas Corners
Bridge (WFBCTCB). The Thomas Corners
Bridge sampling location is upstream of Butter-
milk Creek’s confluencewith Cattaraugus Creek.

Cattaraugus Creek at Felton Bridge and
Bigd ow Bridge Sampling Locations. Radiologi-
cal dataare taken from samples collected at Felton
Bridge (WFFELBR), downstream of the point
where Buttermilk Creek enters Cattaraugus
Creek, and at Bigelow Bridge (WFBIGBR), up-
stream of this point.

As noted in Table 2-2, average gross beta con-
centrations at Felton Bridge (WFFELBR) were
greater than background concentrations, however,
they were detected at less than 1% of the DOE
DCG for strontium-90. These elevated concen-
trations may be attributed to small amounts of ra-
dioactivity moving fromthesiteviaFrank’s Creek.
Figure 2-2 showsgrossalpha, gross beta, and tri-
tium results over the past ten years at Felton
Bridge. For the most part, tritium concentrations

Tritium

1E07 -LP\J\F/\N_M\/,—‘\[AA\/JMV/\/,JJ\

E
= Beta
O 1E08
3
1E-09
Alpha
1E-10 e T T T T T T T T T T T T T T T T T T T
© ~ [ee] D o — N (a0} < [Te]
(o2} (o2} D D o o o o o o
(o2} (o2} (o2} (o2} o o o o o o
- — — — N N N N N N

Figure 2-2. Ten-Year Trendsof GrossAlpha, GrossBeta, and Tritium Concentrations
at Sampling Location WFFELBR
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Overview of Sediment Monitoring

represent detection limits and not detected radio-
activity. Taking into account seasond fluctuations,
gross beta activity has remained relatively con-
stant at thislocation over thelast decade.

Overview of Drinking Water
Monitoring

Drinking water (potable water) is sampled both
off site (near the WV DP) and on site. Off-site
drinking water samples are takenfrom wellsthat
represent the nearest unrestricted use of ground-
water near the Project; none of these wells draw
from groundwater units underlying the site. Drink-
ing water and utility water for the Project are
drawn from two on-site surfacewater reservoirs.

On-SiteTap Water. On-stedrinking water sources
were monitored for radionuclides & four locations:
theentry point at the utility room (WNDNKUR),
the Environmental Laboratory (WNDNKEL), the
maintenance shop (WNDNKMYS), and the main
plant (WNDNKMP). Datatables may befound in
Appendix C-6™ Inaddition, astanding water pond
(WNSTAW?9) near thesite'sdrinking water reser-
voirswasmonitored. Resultsarelisted inAppendix
C-5%

Off-Site Drinking Water Wells. Nine off-site
private residential groundwater wellsnear thesite
and atenth background well south of the site are
sampled. Sampling locations are shown on Fig-
uresA-11, A-14, and A-15. Only the background
well was sampled in 2005. Results are presented
inAppendix C-6. Theremainder of thewe Iswill
be sampled againin 2006.

Overview of Sediment
M onitoring
Particulate matter in streams can adsorb radio-

logical congtituentsin liquid effluents, settle onthe
bottom of the stream as sediment, and subsequently
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be eroded or resuspended, especially during peri-
ods of high stream flow. The resuspended sedi-
ments may provide a pathway for radiological
constituents to reach humans either directly via
exposureor indirectly through thefood pathway.

On-Site Sediments. Sediments are collected at
three on-site surface water sampling pointswhere
liquid effluentsleaving the siteare most likely to
be radiologically contaminated: Frank’s Creek
whereit leavesthe security fence (SN SP006), the
north swamp drainage swale (SNSW74A), and
the northeast swamp drainage swae (SNSWAMP)
(Fig.A-2). (Notethat these sediment samples may
be partially composed of sails.)

The NRC and the EPA, in 22002 memorandum
of understanding (MOU) pertaining to decommis-
sioning and decontamination of contaminated sites,
agreed upon concentrations of residud radioac-
tivity in soil that would trigger consultation between
these two agencies. Consultation“trigger” levels
for contaminationinboth residential and industrial
soil are listed in Table G-1C™ for radionuclides
found at the WVDP. Because the on-site sedi-
ment samples may be partialy composed of soils
(depending onannual rainfal and stream flow pat-
terns), the MOU “trigger” levels are compared
with analytical results from on-site soil/sediment
samples in Appendix G-2® The results at
SNSPOO06 indicate that cesium-137 exceedsthe
industrial/commercial concentration threshold. El-
evated cesium-137 at this location is largely at-
tributableto site historical releases that occurred
prior to DOE assuming operational control in 1982.

Off-Site Sediments. Sedimentsare collected off
siteat threelocations downstream of the WV DP:
Buttermilk Creek at Thomas Corners Road
(SFTCSED), Cattaraugus Creek at Felton Bridge
(SFCCSED), and Cattaraugus Creek at the
Springvilledam (SFSDSED). Thefirst two points
are at water sampling locations. The third is be-
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hind the Springville dam where significant sedi-
ments accumulate, including sedimentsthat may
have adsorbed radionuclides from the site. Sedi-
ments are also collected at one location upstream
of watersreceiving effluentsfrom theWVDP, But-
termilk Creek at Fox Valley Road (SFBCSED).
The upstream location provides background data
for comparison with datafrom downstream points
(Fig. A-5). See Appendix G-2"for results from
off-gte sediments.

A plot of annual average cesium-137 concentra-
tionsover 10 yearsat downstream sampling loca
tion SFCCSED isillustrated on Figure 2-3. Asthe
figureindicates, although rdlatively stable, cesum-
137 concentrationsat SFCCSED are consistently
higher than those at the former background loca-
tion (SFBISED). Cesum-137 activity historicaly
iselevatedin downstream Cattaraugus Creek sedi-
ments relative to upstream sediments. Even so,
the levels are far lower at these downstream lo-
cations than those of naturally occurring gamma
emitters, such as potassium-40.

Overview of Air Emisson and
Ambient Air Monitoring

Permits obtained from the EPA dlow air contain-
ing small amounts of radioactivity to be released
from plant ventilation stacks during normal opera-
tions. The air released must meet criteria speci-
fied in the National Emission Standards for
HazardousAir Pollutants (NESHAP) regulations
to ensure that the environment and the public's
health and safety are protected.

Unlike NESHAP dose criteria, the DOE DCGs
areexpressed in units of microcuries per milliliter
(uCi/mL) and can bedirectly compared with con-
centrations of radionuclidesin WV DP air emis-
sions. (Although the DOE DCGs are applicable
where the public may breathe air containing ra-
dionuclides, the DCGs are also used a theWVDP
as areference screening tool for evaluating air-
borne emissions.) DOE standardsand DCGs for
radionuclides of interest at the WV DP arefound
inAppendix K™ When isotopic dataare not avail-
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Figure 2-3. Ten-Year Average Cesium-137 Concentrationsin Sediment From Cattaraugus Creek Downstream
of the WVDP (SFCCSED) Compared With Upstream Concentrations(SFBISED [solid lin€])
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Overview of Air Emission and Ambient Air Monitoring

able, gross alphaand beta measurements are as-
sumed to come from americium-241 and stron-
tium-90, respectively, becausethe DCGsfor these
radionuclidesare the maost limiting for major par-
ticulate emissions at theWVDP.

Ventilation and Emission Systems. Theexhaust
from each EPA-permitted vertilation systemonste
is continuoudly filtered and the permanent systems
aremonitored as air is released to the atmosphere.
Becauseradionuclide concentrationsinar emissons
arequitelow, alarge volumeof air must be sampled
at each point to measure the quantity of specificra
dionudidesreleased fromthefadility. Emissionsare
sampled for radioactivity in both particulate forms
(eg., strontium-90 and americium-241) and gassous
forms(eg., tritiumandiodine-129). Thetotd release
of each radionuclide (in curies) varies from year to
year in response to changing site activities. For in-
stance, releases of iodine-129 decreased after vitri-
fication was completed. Calculated dose has
consstently remained a smdll fraction of the stan-
dard. (See " Predicted Dase From Airborne Emis-
sons’ later inthischapter.)

TheMain Plant \entilation Sack. The main plant
ventilation stack (ANSTACK) is the primary
source of airborne releases at the WVDP. This
stack, which vents to the atmosphere at a height
of approximately 200 feet (ft) (more than 60
meters[m]), releases ventilation exhaust from sev-
eral facilities, including theliquid waste treatment
system, the analytical laboratories, and off-gas
fromthe former vitrification system.

Total curiesreleased from the main stack in 2005
arelisted in Appendix D™, together with annua
averages, maxima, and acomparison of average
isotopic concentrations with the applicable DCGs.
Asin previous years, the 2005 average radioac-
tivity levels at the stack discharge point were al-
ready far below concentration guidelines for
airborneradioactivity in an unrestricted environ-
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ment. Airborne concentrations from the stack to
the site boundary are further reduced significantly
by dispersion. Resultsfrom air samplestakenjust
outsidethe site boundary confirm that WV DP op-
erations had no discernible effect on off-site air
quality. (See" Perimeter and Remote Ambient Air
Monitoring,” later inthis chapter.)

Other On-Site Air Sampling Systems. Sampling
systems similar to those of the main stack monitor
arborne effluentsfrom the former vitrification hegt-
ing, ventilation, and air-conditioning system
(ANVITSK), the 01- 14 building ventilation stack
(ANCSSTK), the contact size-reduction facility
ventilationstack (ANCSRFK), thesupernatant tregt-
ment system ventilation stack (ANSTSTK), the
container sorting and packaging facility ventila-
tion stack (ANCSPFK), and theremote-handled
wastefacility ANRHWFK) (Fig. A-6).

Appendix D®'presentstotal radioactivity released
for specific radionuclides (asavailable) at each of
these sampling locations. Samples occasionally
show detectabl e concentrations of gross radi oac-
tivity, aswell as specific beta- and adpha-emitting
radionuclides, but al resultswere below DOE &f-
fluent limitations.

Permitted portable outdoor ventilation enclosures
(OVEsS) are used to provide the ventilation neces-
sary for the safety of personne working with radio-
active materials in areas outside permanently
ventilated facilitiesor in areaswhere permanent ven-
tilation needs to be augmented. Air samples from
OVEs are collected continuously while emission
pointsaredischarging, and datafrom these portable
ventilaion unitsareincluded inannual eva uations of
arborneemissions. Discharge concentrationsfrom
OVEsaefar lower than DOE guidelines.

Threeair samplers continued operating in 2005 to

monitor ambient air near three on-site waste stor-
age units— the lag storage area (ANLAGAM),
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the NDA (ANNDAAM), and the SDA
(ANSDATY) (Fig. A-6). These samplers were
put in place to monitor potential diffuse releases
of radioactivity. Data from these locations are
presentedin Appendix D™,

Perimeter and Remote Ambient Air Moni-
toring. In 2005, samplesfor radionuclidesinair
were collected at six locations around the perim-
eter of thesiteand at threeremotelocations. Maps
of the sampling locations are found on Figures
A-7,A-14, and A-15.

The perimeter locations on Fox Valley Road
(AFFXVRD), Rock Springs Road (AFRSPRD),
Route 240 (AFRT240), Thomas Corners Road
(AFTCORD), DutchHill Road (AFBOEHN), and
at thesite'sbulk storagewarehouse (AFBLK ST)
were chosen because they provide historica con-
tinuity (asformer Nuclear Fue Services, Inc. sam-
pling locations) or because they represent the most
likely locations for detecting off-site airborne con-
centrations of radioactivity.

Theremotelocations providedatafrom nearby com-
munities (West Valey [ARWEVAL] and Springville
[AFSPRVL]) and fromamoredistant background
area(Great Valey[AFGRVAL], 18 miles[29 km]
south of thesite), whichis considered representa
tive of regiond background air. Data from these
locations are presented in Appendix D

Ten-year gross aphaand gross beta concentra-
tionsat the Rock Springs Road location are shown
on Figure 2-4. Within a range of seasona and
weekly fluctuations, the concentrations have been
relatively constant over the past ten years.

Radioisotopic results from samples taken at the
two near-site communities and from the site pe-
rimeter weregtatigtically indistinguishablefromre-
sultsfrom the background samples, suggesting that
thereisno adverse site influence on theair quality
at these near-sitelocations.
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Figure 2-4. Ten-Year Trendsof GrossAlpha and Gross Beta Concentrationsin Air
at Rock Springs Road (AFRSPRD)
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Direct Environmental Radiation Monitoring

Direct Environmental
Radiation Monitoring

Atmospheric Deposition and
Soil Monitoring

Fallout Pots. Fallout samples were collected in
2005 to monitor short-term deposition of radionu-
clides at four of the perimeter air sampler loca-
tionsand a one on-sitelocation near therain gauge
outside of the Environmental Laboratory (Figs. A-
6 and A-7). Thedatafrom precipitation analyses
arepresented inAppendix D™. Thelow levelsof
radioactivity released inmain stack emissionsdid
not measurably affect on-site or perimeter fallout
pot samplesin 2005.

Off-Site Surface Soil. Surface soil near the off-
siteair samplersis collected to assess long-term
deposition of radionuclides. M aps of the off-site
surface soil sampling locations are on Figures
A-5, A-14, and A-15. In 2005, the frequency of
collecting off-site soil sampleswas reduced from
annually to every threeyears and no sampleswere
collected in 2005. The next collection will bein
2007.

Overview of Food Chain
Monitoring

Each year food samples are collected from loca-
tions near the site (Fig. A-11) and from remote
locations (Figs. A-14 and A-15). Fish and deer
are collected during periods when they would nor-
mally be taken by sportsmen for consumption.
Corn, apples, and beansare collected annually at
thetime of harvest. Edible portions are analyzed
for radionuclides. (See* M easurement of Radio-
nuclide ConcentrationsinFood,” later inthis chap-
ter, for a discussion of estimating doses from
foodstuffs)) Results are listed in Appendix F™.
Comparisons of results with background results
are summarized in Table 2-2. Data have consis-
tently demonstrated that the Project has little or
no effect onloca foodstuffs.

VWWDP Annual Ste Environmental Report

Monitoring points are located on site at the waste
management units, at the site security fence,
around the WNY NSC perimeter and the access
road, and at abackground location remote from
theWVDP (Figs. A-12 through A-15). Quarterly
and annual averages of thermoluminescent dosim-
eter (TLD) measurements at off-site and on-site
locations are noted in Appendix H®. Theresults
of measurements in 2005 show typical seasona
variationsand are similar to resultsfrom previous
years.

On-SiteRadiation Monitoring. Asin past years,
the on-site monitoring point with the highest dose
readings was location DNTL D24, nearby which
sealed containers of radioactive components and
debris from the plant decontamination work are
stored. Exposure rates at this location have been
generdly decreasing over time becausetheradio-
activity inthe materials stored nearby isdecaying.

Asexpected, resultsfrom TLDslocated near on-
stefacilitiesare generaly higher than background
results; however, these locations are well within
the WNYNSC boundary and are not accessible
by the public.

Perimeter and Off-SiteRadiation Monitoring.
Theperimeter TLDs (TLDs#1-16 and #20) are
distributed in the 16 compass sectors around the
facility near the WNYNSC boundary. Results
from the perimeter and community TLDs were
statistically the same as results from the back-
ground TLD. Theperimeter TLD quarterly aver-
ages shown on Figure 2-5 indicate seasonal
fluctuations but no long-term trends.

Confirmation of Results. Performance of the

environmenta TLDsisconfirmed periodically us-
ing aportable high-pressureion chamber (HPIC)
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

detection system. The TLD resultsincludetheen-
tirethird quarter of 2005; the HPIC results were
each collected over aperiod of less than 30 min-
utes.

Since these measurements are made with differ-
ent systems and over differing periods of time, they
are not directly comparable. The averagerdative
percent difference between the two sets of mea-
urementswas about 14%, indicating general agree-
ment between these two different measurement
methods. (GuidanceinAmerican National Standards
Ingtitute N545-1975, the standard for environmen-
tal dos metry, uses measurement agreement within
30% totd uncertainty as aperformance specifica
tionfor TL D measurements.)

Meteorological M onitoring

Meteorologica monitoring at the WV DP provides
representative and verifiable datathat character-
izethelocd and regiond climatology. These data
are used primarily to assess potential effects of

routineand nonroutine releases of airborneradio-
active materials and to devel op dispersion models
used to calculate the effective dose equivalent to
off-site residents. Since dispersive capabilities of
the atmosphere are dependent upon wind speed,
wind direction, and atmospheric stability (which
includes afunction of the difference intempera-
ture between two elevations), these parameters
are closely monitored and are available to the
emergency response organization at theWVDP.

The on-site 197-ft (60-m) meteorol ogical tower
(Fig.A-1) continuoudly monitorswind speed, wind
direction, and temperature at both the 197-ft (60-
m) and 33-ft (10-m) elevations. In addition, anin-
dependent, remote 33-ft (10-m) meteorological
station, located approximately 5 mi (8 km) south
of thesiteonahillcrest on Dutch Hill Road (Fig.
A-14), continuoudy monitorswind speed and wind
direction. Dewpoint, precipitation, and barometric
pressure are also monitored on site.

20
DFTLDOL through DFTLD16 and DFTLD20
15 - combined quarterly average
* *
5
T 10
5 4
0
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* Not Available
O 1st. Qtr. 2nd. Qtr. 3rd. Qtr. 4th. Qtr.
Figure 2-5. Ten-Year Trendsof Environmental Radiation Levelsat Perimeter TLDs
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Special Monitoring

Thetwo meteorologica locationssupply datatothe
primary digital and analog dataacquistionsystems
located within the Environmental Laboratory. On-
Sitesystemsare provided with ether uninterruptible
or standby power backupin case of site power fail-
ures. In 2005, theon-Sitesystem datarecovery rete
(the time valid data were logged versus the tota
elapsed time) was approximately 93.8%.

Weekly and cumulativetotal precipitation dataare
presented in Appendix I™ Precipitation in 2005
was gpproximately 38.5inches (97.8 centimeters
[cm]), about 6% less than the long-term annual
average (41.0 inches [104 cm]). Note that 4.13
inches (10.5 cm), morethan 10% of thetotal rain-
fall inthis drier-than-normal year, werereceived
ontwo daysat the end of August asthe remnants
of hurricaneK atrinapassed through Western New
York.

Documentation, such as meteorological system
cdibrationrecords, sitelog books, and analog strip
charts, isstored in protected archives. Meteoro-
logical towers and instruments are examined three
times per week for proper function and are cdi-
brated semiannually and/or whenever instrument
maintenance might affect calibration.

Special Monitoring

Specia monitoring comprises sampling and analy-
ses not covered by the routine environmental moni-
toring program but that address items of
environmental interest. Special monitoring pro-
grams are used to verify and/or track theseitems.
Some speciad environmental monitoring carried out
in 2005 was associated with seepage of ground-
water into adrained pool that was formerly used
to store spent nuclear fuel rods. No hazards to
employees or to the public wereidentified. (See
“Additiona Monitoring and Investigations” in
Chapter 4.)
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

Radiological Effluentsand Dose

Dose Assessment
M ethodology

The potential radiation doseto the genera public
fromWVDP activitiesisevaduated by using atwo-
part methodology applied inamanner consistent
with therequirements of DOE Order 5400.5. The
first part usesthe measurements of radionuclide
concentrationsinliquid and air released from the
Project to determinetheannual total effect using
computer modd caculations. The second part uses
measurements of radioactivity infood from loca-
tions near the Project boundaries to corroborate
themodeled impact of theannual total release.

Radiologica doseisevaluated using methods that
consider contributions from all major exposure
pathways, induding externd irradiation, inhalation,
and ingestion of local food products. The dose con-
tributions from each radionuclide and pathway
combination are then combined to obtain thetotal
dose estimatesreported in Table 2-3.

Measurement of Radionuclide Concentra-
tionsin Liquid and Air Releases. Becauseit is
difficult to distinguish by direct measurement the
smal amount of radioactivity originating fromthe
Project or from naturally occurring radiationinthe
environment, computer codes are used to model
theenvironmenta dispersion of radionuclidesthat
originate from on-sitemonitored ventilation stacks
and liquid discharge points.

Actual datafrom air and water release-monitor-
ing samples are collected, together with annual
weather measurements and the most recent de-
mographic information. (SeeAppendicesA, C*®,
D™ and I™) Theeffective dose equivaent (EDE)
to the maximally exposed off-site individual
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(MEOSI) and the collective EDE to the popula-
tionwithina50-mile (80-km) radius arethenca-
culated using conservative DOE- and
EPA-approved modelsto demonstrate compliance
with radiation standards. (See theinset on “Ra-
diationDosg’ and* Units of Dose Measurement.”)

Measurement of Radionuclide Concentra-
tionsin Food. The second part of the dose as-
sessment is based on actual radioactivity
measurementsin samples of foodstuffsgrownin
the vicinity of the WV DP and the comparison of
these values with measurements of samples col-
lected from locations well beyond the potentia in-
fluence of site effluents.

If any of the near-site food samples contain ra-
dionuclide concentrations that are statistically
higher than the concentrationsin control samples,
separate dose calculations are performed to verify
that the cal culated foodstuff doseiswithinthedose
range estimated by computer modeling. (See” Cd-
culated Dose From Local Foodstuff Tests,” later
inthischapter.)

These estimates show that the concentrations of
radioactivity, whether from sites near or distant
fromtheWV DP, are small —usually near the ana-
Iytical detection limits —thereby providing addi-
tionda assurance that operations at the WV DP are
not adversely affecting the public.

These calculated doses are used as an indepen-
dent confirmation of (not added to) the computer-
modeled estimates (Table 2-3) becausethe models
dready include contributionsfrom al environmen-
tal pathways.
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Dose Assessment Methodology

Radiation Dose

The energy released from a radionuclide is eventually deposited in matter encountered along the
path of the radiation. The radiation energy absorbed by a unit mass of material is referred to as
the absorbed dose. The absorbing material can be either inanimate matter or living tissue.

Alpha particles leave a dense track of ionization as they travel through tissue and thus deliver
the most dose per unit path-length. However, alpha particles are not penetrating and must be
taken into the body by inhalation or ingestion to cause harm. Beta and gamma radiation can
penetrate the protective dead skin layer of the body from the outside, resulting in exposure of
the internal organs to radiation.

Because beta and gamma radiations deposit much less energy in tissue per unit path-length
relative to alpha radiation, they produce fewer biological effects for the same absorbed dose.
To allow for the different biological effects of different kinds of radiation, the absorbed dose
is multiplied by a quality factor to yield a unit called the dose equivalent. A radiation dose
expressed as a dose equivalent, rather than as an absorbed dose, permits the risks from differ-
ent types of radiation exposure to be compared with each other (e.g., exposure to alpha radia-
tion compared with exposure to gamma radiation). For this reason, regulatory agencies limit
the dose to individuals in terms of total dose equivalent.

Units of Dose Measurement

The unit for dose equivalent in common use in the U.S. is the rem, which stands for roentgen
equivalent man. The international unit of dose equivalent is the sievert (Sv), which is egqual to
100 rem. The millirem (mrem) and millisievert (mSv), used more frequently to report the low
dose equivalents encountered in environmental exposures, are equal to one-thousandth of a
rem or sievert, respectively. Other radioactivity unit conversions are found on p. Ul-5 at the
back of this report.

The effective dose equivalent (EDE), also expressed in units of rem or sievert, provides a
means of combining unequal organ and tissue doses into a single “ effective’” whole body dose
that represents a comparable risk probability. The probability that a given dose will result in
the induction of a fatal cancer is referred to as the risk associated with that dose. The EDE is
calculated by multiplying the organ dose equivalent by the organ-weighting factors developed
by the International Commission on Radiological Protection (ICRP) in Publications 26 (1977)
and 30 (1979). The weighting factor is a ratio of the risk from a specific organ or tissue dose
to the total risk resulting from an equal whole body dose. All organ-weighted dose equivalents
are then summed to obtain the EDE.

The dose from internally deposited radionuclides calculated for a fifty-year period following
intake is called the fifty-year committed effective dose equivalent (CEDE). The CEDE sums the
dose to an individual over fifty years to account for the biological retention of radionuclides
in the body. The total EDE for one year of exposure to radioactivity is calculated by adding
the CEDE to the dose equivalent from external, penetrating radiation received during the
year. Unless otherwise specified, all doses discussed here are total EDE values, which include
the CEDE for internal emitters.

A collective population dose is expressed in units of person-rem or person-sievert because the
individual doses are summed over the entire potentially exposed population. The average
individual dose can therefore be estimated by dividing the collective dose by the population.

VWWDP Annual Ste Environmental Report Calendar Year 2005



Chapter 2. Environmental Radiological Protection Program and Dose Assessment

Predicted Dose From
Airborne Emissons

Airborneemissions of radionuclidesareregulated
by the EPA under the Clean Air Act and itsimple-
menting regulations. DOE facilities are subject to
Title 40 of the Code of Federal Regulaions (CFR)
61, Subpart H, NESHAP. Subpart H containsthe
national emission standardsfor radionuclides other
than radon from DOE facilities. The applicable
standard for radionuclides is a maximum of 10
mrem (0.1 mSv) effective dose equivaent to any
member of the publicin any year.

Releases of airborneradioactive materialsin 2005
fromnomina ground-leve stacks (1 to 24 m high)
and from themain 60-meter-high stack were mod-
eled using the EPA-approved CAP88-PC com-
puter code (Parks, June 1997). Thisair dispersion
code estimates effective dose equivaentsfor the
ingestion, inhaaion, airimmersion, and ground sur-
face pathways.

Site-specific datafor CY 2005 nonradon radionu-
clidereleasesin curies per year arelisted inAp-
pendix D™ Applicable information from these
tableswas used asinput to the CAP88-PC code,
aswerewind data collected from theon-site me-
teorological tower during 2005 and the most re-
cent local populationdistributioninformation.

Resulting output from the CAP88-PC code was
then used to determine the total EDE from air
emissionsto amaximally exposed individua and
the collective dose to the population within a50-
mi (80-km) radius of the WVDP.

Maximum Dose to an Off-Site I ndividual.
Based on the nonradon airborne radioactivity re-
leased from all sourcesat thesiteduring 2005 (i.e.,
permitted stacks, stacks that do not require per-
mits, and nonpoint sources), it was estimated that a
personlivinginthevicinity of theWV DP could have
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received atotal EDE of 0.0012 mrem (0.000012
mSv) fromairborne releases. Thecomputer model
estimated that thisMEOSI waslocated 1.2 mi (1.9
km) north-northwest of the site and was assumed
to eat only loca ly-produced foods. About 90% of
theestimated airbornedose wasfromiodine-129.

When considering permitted stacks only, the maxi-
mum total EDE of 0.0004.1 mrem (0.0000041 mSv)
isfar below levelsthat could be directly measured
at theexposed individual’sresidence. Thisdoseis
comparabletoless than oneminute of natural back-
ground radiationreceived by an average member
of the U.S. population and is well below the 10
mrem (0.1 mSv) NESHAP limit promulgated by
the EPA and mandated by DOE Order 5400.5.

Collective Population Dose. The CAP88-PC
programwas used to estimatethe collective EDE
to the population. Based upon thelatest U.S. cen-
suspopulaiondatacalectedin CY 2000, 1.54 mil-
lion people were estimated to reside within 50 mi
(80 km) of the WV DP. This population received
an estimated 0.0089 person-rem (0.000089 per-
son-Sv) totd EDE from radioactive nonradon air-
borne effluents released from WV DP point and
diffuse sources during 2005. (Seethediscussion
of radon-220 later in this chapter.) The resulting
average EDE per individua was 0.000006 mrem
(0.00000006 mSv).

lodine Emissions From the Main Stack. lo-
dine-129, along-lived radionuclide, has routingly
been found in main stack emissions. During the
vitrification of high-leve waste, iodine-129 releases
increased because gaseousiodine was not as ef-
ficiently removed by the vitrification process off-
gas treatment system as were most other
radionuclides. As more high-level radioactive
wastewas removed from the tanksand converted
into glass, lesswastewas availableto emitiodine-
129 and concentrations decreased. As of 2005,
iodine-129 concentrations are back to (or below)
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Predicted Dose From Airborne Emissions

Table 2-3
Summary of Annual Effective Dose Equivalents to an Individual
and Population From WVDP Releases in 2005

ExposurePathways Annual Effective Dose Equivalent

Maximally Exposed Collective Effective
Off-Site Individual? Dose Equivalent®

mrem (mSv) person-rem (person-Sv)
Airborne Releases* 1.2E-03 (1.2E-05) 8.9E-03 (8.9E-05)
% EPA standard (10 mrem) 0.01% NA
Water borne Releases* 4.6E-02 (4.6E-04) 2.2E-01 (2.2E-03)
Effluents only 1.1E-02 (1.1E-04) 1.6E-02 (1.6E-04)
North plateau drainage 3.5E-02 (3.5E-04) 2.0E-01 (2.0E-03)
Total from all Pathways 4.7E-02 (4.7E-04) 2.3E-01 (2.3E-03)
% DOE standard (100 mrem) — 0.05% NA

air and water combined

% of natural background
(295 mrem; 453,000 person-rem) — 0.02% 0.00005%
received from air and water combined

Estimated Airborne Radon-220¢ 7.0E-03 (7.0E-05) 2.7E-01 (2.7E-03)

NA - Not applicable. Numerical regulatory standards are not set for the collective EDE to the population.

& The maximum exposure to air discharges is estimated to occur at a residence 1.2 mi (1.9 km) north-
northwest of the main plant building.

b A population of 1.54 million is estimated to reside within 50 mi (80 km) of the site.

¢ Releases are from atmospheric nonradon point and diffuse sources. Calculations use CAP88-PC

to estimate individual and population doses. EPA and DOE limits for individual airborne dose are

the same.

Estimates are calculated using the methodology described in the WWDP Manual for Radiological

Assessment of Environmental Releases at the VWWDP (WVNSCO, 2003).

¢ Estimated airborne releases are based on indicator measurements and process knowledge. Dose
estimates are calculated using CAP83-PC.

" The estimated dose from radon-220 is specifically excluded by rule from NESHAP totals.
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Radon-220

Radon-220, also known as thoron, is a naturally occurring gaseous decay product of tho-
rium-232 present in the airborne emissions from the WVDP main plant. Radon-220 is also
associated with the thorium reduction extraction (THOREX) process-related thorium-232 and
uranium-232 in the high-level waste.

As reported in Chapter 2 of the 1996 VWDP Ste Environmental Report (WVNSCO and Dames
& Moore, June 1997), thoron levels were observed to increase during startup of the 1996
high-level waste vitrification process. An estimate of the thoron released during each waste
concentration cycle was developed and used to determine a theoretical annual release. Dur-
ing the vitrification phase, an average of about 12 curies per day were assumed to have been
released. In 2005, with the vitrification process completed, the estimated average is assumed
to be about three curies of thoron released per day.

Although large numbers of curies were released relative to other radionuclides, the calculated
dose from thoron is quite small because of its short decay half-life and other characteristics.
The NESHAP rule specifically excludes thoron from air emission dose calculations, so a dose
estimate using CAP88-PC was calculated separately. The theoretical dose to the MEOSI lo-
cated 1.2 mi (1.9 km) north-northwest of the site in 2005 would have been 0.007 mrem (0.00007
mSv), and the collective dose to the population within an 80-kilometer radius would have
been 0.27 person-rem (0.0027 person-Sv).
(See Table 2-3.) These theoretical doses
are within the same range as historical
doses from the man-made radionuclides
found in WVDP effluents.

20
18
16
14
12
10 -

Curies/day

With vitrification completed, thoron releases
have decreased to pre-vitrification levels.
Thefigure presented here providesarelative
indication of recent trends in the estimated
annual thoron releases.

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Estimated Radon-220 Releases From the WVDP

pre-vitrification levels. Even so, in 2005, iodine-
129 continued to account for the largest propor-
tion of dose to an off-site individua from main
stack airborne emissions. See Figure 2-6 for a
comparison of doses attributable to various nu-
clidesfrom WVDP air emission points.

Predicted Dose From
Waterborne Releases

Currently there are no EPA standards establish-
ing limits on theradiation doseto membersof the

publicfrom liquid effluents except asappliedin40
CFR Part 141 and 40 CFR Part 143, Drinking Wa
ter Guidelines (EPA, 1984a; 1984b). Corollary lim-
its for community water supplies are set by
NY SDOH inthe New York State Sanitary Code
(Title 10 of the Official Compilation of Codes,
Rules, and Regulations of the State of New York
[NYCRR] 5-1.52). Theprivateresidentia potable
water wells sampled for radionuclidesare upgra-
dient of the WV DP and therefore do not repre-
sent a potential source of exposure to radiation
from routine Project activities.
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Plutonium
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Figure 2-6. Air Emissions From Point Sources: Dose Percent by Radionuclidein CY 2005

Cesium-137
20.8%

All others
2.9%

Strontium-90
76.3%

Figure 2-7. Water Effluents: Dose Percent by Radionuclide in CY 2005
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Figure 2-8. All Sources: Dose Percent by Radionuclidein CY 2005
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

Cattaraugus Creek isnot used as adrinking water
supply; therefore, acomparison of the predicted
concentrations and doses with the 4-mrem/year
(0.04-mSv/year) EPA and NY SDOH drinkingwa:
ter limits established in 40 CFR Part 141 and 40
CFRPart 143,andin 10NY CRR 85-1.52, respec-
tively, isnot truly appropriate (athough the values
increek samples arewell below the EPA drinking
water limits). The estimated radiation dose was
compared to the applicableguiddines providedin
DOE Order 5400.5. The EDE tothe MEQOSI and
thecollective EDE to the popul ation dueto routine
waterborne releases and natural drainage are cal-
culated using dose conversionfactors astabulated
inthe“*WVDPManual for Radiological Assessment
of Environmental Releases at the WVDP”
(WVNSCO, 2003).

SincetheProject’sliquid effluents eventualy reach
Cattaraugus Creek, the most important individual
exposure pathway isthe consumption of fishfrom
this creek by locd sportsmen. Exposureto exter-
nal radiation from shoreline or water contamina-
tion is also included in the model for estimating
radiation dose. Population dose estimates assume
that radionuclides are further diluted in Lake Erie
before reaching municipal drinking water supplies.

The computer codes GENII version 1.485 (Pa-
cific Northwest L aboratory, 1988), whichimple-
mentsthe modelsinNRC Regulatory Guide 1.109
(NRC, 1977), and LADTAP Il (Smpson and
McGill, 1980) were used to cal cul ate site-specific
unit dose factorsfor routine waterborne releases
and dispersion of these effluents. Input datain-
cludedlocd stream flow and dilution, drinking water
usage, and stream usage factors.

Seven batches of liquid effluentswere rel eased from
lagoon 3 (point WNSP001) during 2005. M easure-
ments of theradioactivity discharged inthese efflu-
ents, listed inAppendix C-2 were combined with
the unit dose factors to caculate the EDE to the
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MEOS! and the collective EDE tothe population
living withina50-mi (80-km) radius of theWVDP.

I n addition to measurements from WNSPOOL, ra-
dioactivity measurements from sewage treatment
facility effluents (WNSPOO7) wereincluded inthe
EDE calculations. Results from the sewage treat-
ment facility are also presented in Appendix C-
2™ (Thefrenchdrainat WNSP0O08, athird release
point, has been sealed off since 2001 and was not
included inthisevaluation.)

Besides thetwo rel ease pointsat WNSPOO1 and
WNSPO0O07, waters from two natural drainage
channels originating onthe Project premises con-
tain measurable concentrations of radioactivity: the
northeast svamp (WNSWAMP) and northswamp
(WNSWT74A). (See Northeast Swamp and North
Swamp Drainage discussed earlier in this chap-
ter.) Themeasured radioactivity from these points
is reported in Appendix C-4. These results are
included in the EDE calculationsfor the MEOSI

and the collective population. See Figure 2-7 for a
comparison of estimated doses attributableto spe-
cific radionuclidesfrom water effluents.

There were no unplanned releases of waterborne
radioactivity to the off-site environment in 2005.

Maximum Dose to an Off-Site I ndividual.
Based on theradioactivity inliquid effluents dis-
charged from the WV DP (lagoon 3 and the sew-
age treatment plant) during 2005, an off-site
individual could havereceived amaximum EDE
of 0.011 mrem (0.00011 mSv). Themaximum off-
steindividua EDE dueto drainage fromthenorth
plateau (north swamp and northeast swamp) was
0.035 mrem (0.00035 mSv).

The combined EDE to the maximally exposed in-
dividual from liquid effluents and drainage was
0.046 mrem (0.00046 mSv). Thisannual doseis
very small in comparison to the 295 mrem (2.95

Calendar Year 2005



Predicted Dose From All Pathways

mSv) dose that is received by an average mem-
ber of the U.S. population from naturd background
radiation.

Collective Dose to the Population. Asaresult
of radioactivity rleased inliquid effluentsfromthe
WV DP during 2005, the populationliving within 50
mi (80 km) of the site received an estimated col-
lective EDE of 0.016 persortrem (0.00016 person-
Sv). The collective doseto the population from the
effluents plusthe north plateau drainage was 0.22
person-rem (0.0022 person-Sv). The resulting av-
erage EDE from effluent releases and north pla
teau drainage (north swamp and northeast swamp)
per individual is0.00014 mrem (0.0000014 mSv).
Thisdoseisaninconsequentid additionto the dose
that an average person receives in one year from
natura background radiation.

Calculated Dose From L ocal
Foodstuff Tests

M ost radionudlide concentrationsin near-site food
sampleswere statistically indistinguishable from
concentrations in background samples. Conser-
vative estimates of dose due to consuming near-

sitefish, deer, milk, beans, corn, and appleswere
about 0.1 mrem/year (0.001 mSv/year). Thesein-
dependent estimates confirm the modeled dose es-
timates based on air and water effluent sampling
results assummarized in Table 2-3.

Predicted Dose From All
Pathways

The potential doseto the public from both airborne
and liquid effluentsrel eased from the Project dur-
ing 2005 isthe sum of theindividual dose contribu-
tions. (SeeFigure 2-8.) The calculated maximum
EDE from al pathways to a nearby resident was
0.047 mrem (0.00047 mSv). Thisdoseis 0.05% of
the 100-mrem (1-mSv) annual limitin DOE Order
5400.5. Theestimated dosefrom radon-220 tothe
samenearby resident was about 0.01 mrem.

Thetotad collective EDE to the population within
50 miles (80 km) of the sitewas 0.23 person-rem
(0.0023 person-Sv), with an average EDE of
0.00015 mrem (0.0000015 mSv) per individual.
The estimated radon-220 dose to the population
was approximately 0.3 person-rem.

mrem

1996 1997

m Liquid

Figure 2-9. Effective Dose Equivalent From Liquid and Airborne Effluents to a Maximally Exposed
Individual Residing Near the WVDP

1998 199 2000 2001

202 2008 2004 2006

Airborne
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Figure 2-10. Collective Effective Dose Equivalent From Liquid and Airborne Effluents
to the Population Residing Within 50 Miles (80 km) of the WVDP
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Table 2-3 summarizesthe dose contributionsfrom
al pathways and compares the individual doses
with the applicable standards.

Figure 2-9 showsthe calculated annual dosetothe
hypothetica maximally exposedindividual over the
last ten years. Theestimated doses for 2005 were
very similar to those reported in 2004.

Figure 2-10 showsthecollective doseto the popu-
lation over thelast tenyears. (SeeFig. A-16for a
map of the population sectors.) Theoverall radio-
activity represented by these data confirms the
continued inconsequential additionto the natural
background radiation dose that individuals and
populaion around the WV DP receive from Project
activities.

Risk Assessment

Estimates of cancer risk fromionizing radiation have
been presented by the National Council on Radia
tion Protection and M easurements (NCRP) (1987)
and the National Research Council’s Committee
onBiological Effectsof lonizing Radiation (1990).

TheNCRP estimates that the probability of fatal

cancer occuring is between oneand five per 10,000
people who each are exposed toonerem (i.e., a
risk coefficient of between 0.0001 and 0.0005).

DOE guidance has, in the past, recommended
using arisk coefficient of 0.0005 (ICRP, 1991) to
estimaterisk toaMEQOSI. Recent DOE guidance
recommends using the even more conservative
risk coefficient of 0.0006 provided by the Inter-
agency Steering Committee on Rediation Standards
(January 2003). The estimated risk to the hypo-
thetical individual residing near the WVDPfrom
airborne and waterborne releases in 2005 was 3
chances in 100 million (a risk coefficient of
0.00000003). Thisrisk iswell below therange of
0.000001 to 0.00001 per year considered by the
ICRPinReport Number 26 (1977) to be areason-
ablerisk for any individual member of the public.

Release of Materials Contain-
Ing Residual Radioactivity
The release of property containing residual radio-

activity from DOE fadilitiesis carefully controlled
by DOE guidelines and procedures. Intwo spe-
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Dose to Biota: Aquatic and Terrestrial Wi dlife

cid memorandaissued in January and July of 2000,
the Secretary of Energy placed amoratorium on
release of contaminated materials and on unre-
stricted release for metal recycling from radio-
logical areas within DOE facilities. The
moratorium will remainin effect until directives
clarifying therelease criteriahave been devel oped
and implemented. Any transfer that places prop-
erty (real property, structures, equipment, or scrap
metal) containing radioactivity into public useis
classified as atype of environmental release.

Asindicated in Table 2-4, the WVDP did not re-
lease any property in 2005 classified per DOE Or-
der 5400.5 as material containing residual
radioactivity.

Dose to Biota: Aquatic and
Terrestrial Wildlife

Radionuclides from both natura and man-made
sources may befound inenvironmental mediasuch
as water, sediments, and soils. In the past, it has
been assumed that if radiological controlsare suf-
ficient to protect humans, other living things are
also likely to be sufficiently protected. This as-
sumptionisno longer considered adequate, since
populations of plants and animals residing in or
near these media or taking food or water from
these media may be exposed to a greater extent
than are humans. For this reason, the DOE pre-
pared atechnicd standard that provides methods
and guidanceto be used to evaluate doses of ion-
izing radiation to populationsof aguatic animals,
riparian animals (i.e., those that live along banks
of streams or rivers), terrestrial plants, and ter-
regrid animals.

Methods in this technical standard, “A Graded
Approach for Evaluating Radiation Doses to
Aquatic and Terrestrial Biota’ (DOE-STD-1153-
2002, July 2002), were used in 2005 to evaluate
radiation doses to aquatic and terrestrial biota
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within the confines of the WNY NSC, whichin-
cludesthe WV DP. Doses were assessed for com-
pliance with the limit in DOE Order 5400.5 for
native aguatic animal organisms (1 rad/day) and
for compliance with the thresholds for terrestria
plants (also 1 rad/day) and for terrestrial animals
(0.1 rad/day), as proposed in DOE-STD-1153-
2002. Note that the absorbed dose unit (rad) is
used for biotainstead of the units used for indicat-
ing humanrisk (rem).

The RESRAD-BIOTA Code, a calculation tool
provided by the DOE for implementing the tech-
nical standard, was used to compare existing ra-
dionuclide concentration datafrom environmental
sampling with biota concentration guide (BCG)
screening val ues and to estimate upper bounding
doses to biota. Data collected from surface wa-
ters, sediments, and soils on and around the
WNY NSC over aten-year period (1991-2000)
were used as a baseline. For a more near-term
assessment, a second evaluation was completed
using surface water datafrom 2005, sediment data
fromthelast five years (2001-2005), and soil data
from the preceding tenyears (19952004 [ because
no soil sampling was conducted in2005]). Differ-
ing time periodswere used because radionuclide
concentrations change morerapidly over timein
surface waters than in sediments and soils, asre-
flected intheir sampling frequencies (monthly or
quarterly for water, annually or every third year
for sediments and sails).

Concentration datafor radionuclides in each me-
dium were entered into the RESRAD-BIOTA
Code. Thevauefor each radionuclide was auto-
matically divided by its corresponding BCG toca-
culate a partial fraction for each nuclide in each
medium. Partial fractionsfor each medium were
added to produce asum of fractions.

It was found that the isotopes with the highest
sums of fractions—theradionuclides that contrib-
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Chapter 2. Environmental Radiological Protection Program and Dose Assessment

uted the largest component of both aquatic and
terrestrial dose to biota—were strontium-90 and
cesium-137. Per guidance in DOE-STD-1153-
2002, the populations of organisnsmost sensitive
to strontium-90 and cesium-137 inthisevauation
— that is, those residing on the WNYNSC that
were most likely to be adversely affected viathe
aquatic and terrestrial pathways — were deter-
mined to be populations of the raccoon (aquatic
dose) and the deer mouse (terrestrial dose). As
such, this study does not pertain to pathways to
humans, whichwere addressed earlier inthis chap-
ter.

Exposures from the aquatic pathway may be as-
sumed to be less than the aguatic dose limit from
DOE Order 5400.5 if the sum of fractions for the
water medium plustha for thesediment mediumis
lessthan 1.0. Similarly, exposuresfromtheterres-
trial pathway may be assumed to be lessthan the
proposed doselimitsfor bothterrestrid plantsand
animals if the sum of fractionsfor the water me-
dium plusthat for the soil mediumislessthan 1.0.

In accordance with the approach described in
DOE-STD-1153-2002, ageneral screening was
first conducted using the maximum radionuclide
concentrations from surface waters, sediments,
and soils. Maximum radionuclide concentrations
exceeded gpplicable BCG limitsfor both aquatic
and terrestrid evaluations.

Asrecommended in DOE-STD-1153-2002, asite-
specific screening was then done using estimates
of average radionuclide concentrations derived
from measurementsin surface waters, sediments,
and soils. Results are summarized in Table 2-5.

At the ste-specific screening level for thefull ten-
year basdline period, the sums of fractionsfor the
aquatic and terrestrial system evaluations were
0.45and 0.57, respectively. Thecomparablesums
of fractions using the more near-term datawere

2-28

VWWDP Annual Ste Environmental Report

0.21 and 0.31, respectively. The sum of fractions
for each assessment waslessthan 1.0, indicating
that applicable BCGsweremet for boththeaguatic
andterrestria evaluations.

Upper bounding doses associated with the aquatic
system evaluation were 0.0059 rad/day to an
aquatic animal and 0.021 rad/day to a riparian
animal, far below the 1 rad/day standard from
DOE Order 5400.5 for dose to a native aguatic
animd. Upper bounding doses associated with the
terrestrial system evaluation were 0.031 and
0.0027 rad/day toterrestrial animals and plants,
again well below the guidancethresholds (0.1 and
1.0 rad/day, respectively).

It was therefore concluded that populations of
aquatic and terrestrial biota (both plants and ani-
mals) onthe WNY NSC are not being exposed to
doses in excess of the existing DOE dose stan-
dardfor native aguatic animals (U.S. DOE, Feb-
ruary 1990) and the international standards for
terrestria organisms (International Atomic Energy
Agency [IAEA], 1992).

Summary

Predictive computer modeling of airborne and
waterborne releases resulted in estimated hypo-
thetical dosestothe maximally exposed individual
that were orders of magnitude below al applicable
EPA stlandardsand DOE Orders, which placelimi-
tationson therelease of radioactive materialsand
dosetoindividual members of the public. Thecol-
lective population dose was also assessed and
found to be orders of magnitude bel ow the natu-
ral background radiation dose. Additionally, esti-
mates of dose to biotaindicated that populations
of biota at the WVDP are exposed at afraction
of the DOE and |AEA guidelinesfor dosetobiota

Based on the overall dose assessment, the WV DP
wasfound to bein compliance with applicable ef-

Calendar Year 2005



Summary

fluent radiol ogical guidelinesand standardsduring
calendar year 2005. Table 2-6 provides a sum-
mary of WV DP releases and calcul ated dosesin
the specified DOE format.

Table 2-4
Release of Property Containing Residual Radioactive Material
Approved Rationale Date Type Basis End Volume Total Maximum Collective
Limit of of for Use of Activity Individual Dose
Approval Material Release M aterial Dose
NA NA NA None NA NA 0 0 0 0
No property containing residual radioactivity was released in 2005.

NA - Not applicable
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Table 2-5
2005 Evaluation of Dose to Aquatic and Terrestrial Biota

Aquatic System Evaluation (Near-Term Data Set)

Nuclide Water Mean Water Ratio Sediment Mean Sediment Ratio Water and
BCG* Value BCG? Value Sediment
(pCilL) (pCilL) (pCilg) (pCilg) Sum of Fractions

Cesium-137 42.7 294 6.89E-02 3,130 4.87 1.56E-03 0.070

Strontium-90 279 37.8 1.36E-01 583 0.667 1.14E-03 0.14

All Others NA NA 1.00E-04 NA NA 5.10E-04 <0.001

Sum of Fractions (Near-Term Data) 2.05E-01 3.21E-03 0.21

Sum of Fractions (Long-Term [10-Yr] Data) 4.47E-01 5.65E-03 0.45

Estimated upper bounding dose to an aquatic animal = 0.0059 rad/day; to ariparian animal = 0.021 rad/day.

Terrestrial System Evaluation (Near-Term Data Set)

Nuclide Water Mean Water Ratio Soil Mean Soil Ratio Water and
BCG* Value BCG? Value Soil
(pCilL) (pCilL) (pCilg) (pCilg) Sum of Fractions

Cesium-137 599,000 294 4.91E-06 20.8 4.78 2.30E-01 0.23

Strontium-90 54,500 37.8 6.93E-04 225 1.70 7.55E-02 0.076

All Others NA NA 2.09E-06 NA NA 5.00E-04 <0.001

Sum of Fractions (Near-Term Data) 7.00E-04 3.06E-01 0.31

Sum of Fractions (Long-Term [10-Yr] Data) 7.20E-04 5.66E-01 0.57

Estimated upper bounding doseto aterrestrial plant = 0.0027 rad/day; to aterrestrial animal = 0.031 rad/day.

@ The biota concentration guides (BCGs) are calculated values. Except for the sums of fractions and dose estimates,
which are rounded to two significant digits, all values are expressed to three significant digits.
NA - Not applicable
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Summary

Table 2-6

WVDP Radiological Dose and Release Summary

WYVDP Radiological Dose Reporting Table CY 2005

Dose to the % of DOE Estimated Population Within Estimated Natural
Maximally Exposed 100-mrem Limit Population Dose 50 Miles Radiation Population
Individual (2000 census) Dose
0.047 0.00047 0.047 0.23 0.0023 1,536,000 453,000
mrem (mSv) person-rem  (person-Sv) person-rem
WYV DP Radiological Atmospheric Emissions? CY 2005 in Curies(Bq)
Tritium |Kr-85| Noble Gases|Short-Lived | Fisson and Total Total Total Total Total Other
(T,<40 dy) |Fission and | Activation |Radioiodine|Radiostrontium Uranium® | Plutonium| Other (Rn-220)
* Activation | Products Actinides
Products
(T1/2>3 hr)
(T1/2<3 hr)
1.07E-03 | NA NA NA 1.11E-05 | 3.80E-05 6.93E-06 1.30E-07 | 5.34E-07 | 6.95E-07 | 1.10E+03
(3.96E+07) (4.12E+05) | (1L.41E+06) | (2.56E+05) |(4.81E+03)| (1.98E+04) |(2.57E+04)|(4.05E+13)

WVDP Liquid Effluent Releases® of Radionuclide Material CY 2005in Curies(BQ)

Tritium Fission and Total Total Total Total Total
Activation Radioiodine | Radiostrontium| Uranium? |Plutonium Other
Products Actinides
(T1/2>3 hr)
8.12E-02 5.91E-03 1.62E-04 2.35E-01 7.87E-04 6.17E-06 1.93E-05
(3.01E+09) (2.19E+08) (5.99E+06) (8.68E+09) (2.91E+07) | (2.28E+05) | (7.12E+05)

Note: There are no known significant discharges of radioactive constituents from the site other than those reported
in this table.

NA - Not applicable
& Air releasesare from point sources.
b Total uranium (grams) = 1.08E-01
C\W\ater releases are from both controlled liquid effluent releases and from well-characterized site drainages.

d Total uranium (grams) = 5.85E+02
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